Purpose: This study aimed to evaluate the technical feasibility and oncological safety of laparoscopic total mesorectal excision (TME) for rectal carcinoma after chemoradiotherapy. Methods: 30 Patients with T3, T4 and⁄ or N1-2 rectal cancer were subjected to a preoperative neoadjuvant chemoradiotherapy (nCRT) protocol in the form of 45-50 Gy of external irradiation over 25-28 weekly fractions to the true pelvis concomitant with oral Capecitabine 825 mg/m2 twice daily. Results: This study included 16 males (53.3%) and 14 females (46.7%) with a mean age of 48.63 ±12.53 years. 19 patients (63.3%) underwent laparoscopic low anterior resection (LLAR) while 11 patients (36.7%) underwent laparoscopic abdominoperineal resection (LAPR). Mean blood loss was 66.05 ± 31.60 cc in LAR group and 241.82 ± 101.37 cc in APR group, the operative time was longer in APR group. The intra-operative adverse events occurred in 7 patients (23.3%). Earlier recovery of bowel function was observed in both groups; with shorter postoperative hospital stay in LLAR vs LAPR groups. Involvement of the circumferential resection margin occurred in two cases (6.7%), the mean number of harvested lymph nodes was 10.57±1.74 lymph node, the distal and proximal resection margins were free from malignant infiltration in all cases. Postoperative morbidity occurred in 8 patients (26.7%) with one case of local recurrence (3.3%). Conclusions: Based on the controllable surgical complications, minimal invasiveness and achieved oncological safety in the current patient series, laparoscopic TME is shown to be technically feasible and oncologically safe and can be recommended for patients with rectal carcinoma requiring preoperative chemoradiotherapy.
INTRODUCTION
Colorectal cancer (CRC) is the second most common malignancy in the western world. In the United Kingdom, 32000 new cases are diagnosed annually, of which approximately 45% occur in the rectum and rectosigmoid. Although the management of colonic malignancies has not altered greatly in recent years, this is not true of rectal cancer: advances in surgical technique, molecular biology, radiological imaging and adjuvant therapy have dramatically altered the way patients are treated [1] Over the last 20 years, many advances relating to the investigation, diagnosis and treatment of colorectal cancer have occurred resulting in improved survival [2] . Advances in the delivery of nCRT have contributed greatly to this progress. However, adequate surgical resection remains the cornerstone of the treatment of CRC. Since the initial application of the laparoscopic approach for curative colorectal resection more than 20 years ago, it allowed much documented advantages to patients such as a more rapid recovery, reduced postoperative pain, a shorter hospital stay [3] .Despite this, the colorectal resections continue to be carried out using the conventional open approach especially for low rectal cancer as it poses a significant technical difficulty and needs a long learning curve to achieve adequate laparoscopic oncological control [4] . Moreover, laparoscopic rectal surgery after nCRT is challenging due to the tissue fibrosis and scarring. The tissue planes can be more difficult to follow compared with non-irradiated tissues as they are less distinct and edematous [5] . Driven by this conflict and controversy, this study was conducted to assess the intraoperative difficulties and their reflection on the postoperative short-term outcomes and the oncological outcomes following laparoscopic TME in rectal cancer patients who had received long course nCRT.
METHODS
43 patients with rectal carcinoma assigned for the study. Five complicated cases presenting to the emergency room with either intestinal obstruction or perforation and 2 cases with T2 tumors without lymph node metastasis were excluded from the study. 36 Patients with T3, T4 and/or N1-2 rectal cancer were subjected to a preoperative chemoradiotherapy protocol in the form of 45-50 Gy of external irradiation over 25-28 weekly fractions to the true pelvis concomitant with oral Capecitabine 825 mg/m2 twice daily. Post-neoadjuvant staging using pelvic MRI was done. 6 Patients were excluded because of locally advanced rectal carcinoma (T4 tumor) on postneoadjuvant staging.30 patients then underwent laparoscopic TME 6-8 weeks after the end of chemoradiotherapy (Fig. 1 ). The laparoscopic TME procedure was conducted according to the guidelines advocated by Heald et al. [6] for traditional open surgery. Posteriorly, the dissection was along the ''holy plane'' downward to the level of the levator ani muscle. Anteriorly, the dissection plane was behind the Denonvilliers' fascia. Laterally, the lateral ligaments were sharply divided at the medial part. For patients undergoing a sphincter saving surgery (SSS), the bowel continuity was reconstructed with double-stapling colorectal anastomosis or pull-through hand-sewn coloanal anastomosis, whereas for patients undergoing abdominoperineal resection (APR), a permanent colostomy was created at the left lower abdominal quadrant. For all patients undergoing SSS, the colorectal or coloanal anastomosis was routinely protected by a diverting stoma. The surgical outcomes for the patients were prospectively evaluated.
RESULTS
During the period from October 2014 to February 2017, 30 patients completed the treatment protocol. The baseline data included a male/female ratio of 16/14, a median age of 52 years (range, 26-68 years), a median BMI of 45 kg/m2, and American Society of Anesthesiology physical status classifications of 1 (n = 19), 2 (n = 8), and 3 (n = 3). The study included LLAR performed for 19 patients (double-stapling colorectal anastomosis for 18 patients and pullthrough coloanal anastomosis for 1 patient) and APR performed for 11 patients. Eleven patients (36.7%) had co-morbidities and five patients (16.7%) had previous abdominal operations. No patient had history of anorectal trauma or fecal incontinence. One patient had history of hemorrhoidectomy. CEA was elevated in 5 patients (16.7%) while CA19.9 was elevated in only 1 patient (3.3%). (Table 1) . The median operative time for LLAR was 180 min while for LAPR, the median operative time was 200 min. The median blood loss was 55 cc and 250 cc for LLAR and LAPR respectively (Table 2 ).In the 5 patients (26.3%) with cancer upper third rectum, LLAR was completed totally laparoscopic. In the remaining 14 patients (73.7%) with middle and lower third rectal cancer, it was not possible to complete the mesorectal dissection or the rectal transection laparoscopically and we needed to perform a small Pfannenstiel incision to complete mesorectal dissection and rectal transection. Epidural analgesics were routinely administered for the first 48 hours and the severity of postoperative pain on visual analogue scale (VAS) ranged from 1-4 with a median of 2 for LLAR group and ranged from 3-7 for LAPR group with a median of 4. Three patients (15.7%) in the LLAR group required postoperative non-steroidal analgesia for 1-3 days with a median of 1 day while, 4 patients (36.3%) in the LAPR group required postoperative analgesia for 2-7 days with a median of 4 days. The 1st bowel motion ranged between postoperative day 1 and 4 for both groups with a median of 1 day for both groups. Oral intake was started as early as possible according to the tolerance of patients. With the exception of patients who developed ileus, oral fluids were allowed during the 1st 24 hours after surgery. The length of hospital stay was lower in LLAR group than LAPR group with a median of 5 and 7 days respectively (Table 3) .
Table 3: Early Postoperative Data
In LLAR group, 2 patients (10.5%) developed Pfannenstiel wound infection and were managed conservatively by local wound care and antibiotic therapy. In LAPR group, perineal wound infection followed by wound dehiscence occurred in 2 patients (18.1%), both patients were managed conservatively, and their wounds healed by 2ry intension. Three patients (10%) in our study developed postoperative ileus that lasted for 4 days in 1 patient in the LLAR group and for 3-4 days in 2 patients in LAPR group. Urinary fistula developed in one patient of LLAR group (5.3%) due to a missed intraoperative injury of the urinary bladder and managed conservatively. In LAPR group, one patient (9.1%) presented with parastomal hernia and the patient refused readmission for its repair. Anastomotic stricture developed in one patient of LLAR group (5.3%) who had transanal hand sewn colo-anal anastomosis that was managed by repeated dilatations. On the 4thpostoperative day, 1 patient (9.1%) in LAPR group developed strangulated right oblique inguinal hernia that was repaired by mesh hernioplasty after reduction of the omental content. There was one case of postoperative mortality (9.1%) in LAPR group one month after surgery due postoperative pulmonary thrombo-embolism and the patient died after failed resuscitation. There were no clinically significant anastomotic leaks detected in our study. Sexual dysfunction in this study occurred in 3 male patients (10%), one of them in the LLAR group and the other two were in the LAPR group. They manifested by weak erection and were managed by oral Sildenafil with satisfactory improvement. No patients in both groups suffered from bladder dysfunction. Local recurrence occurred in one patient (9.1%) in the LAPR group. This was 45 years old male patient whose post-nCRT radiologic assessment was T3N1M1 anorectal tumor with liver metastasis ablated by microwave ablation. Intraoperatively, the tumor was infiltrating the prostate (T4). Two years postoperatively, the patient developed small intestinal obstruction caused by an irresectable deep pelvic mass to which the small bowel was adherent and was managed by side-to-side ilio-transverse colon anastomosis. Postoperative PET-CT scan confirmed the malignant nature of the mass followed by modification of the adjuvant therapy protocol by the medical oncologist. (Fig. 3) . 
Figure (3): Postoperative complications
In our study, the gross morphologic types of the tumor were: circumferential swelling in 11 patients (36.7%), 16 patients (53.3%) had cauliflower mass and 3 patients (10.0%) had residual ulcer at the site of the tumor after nCRT. The microscopic types of rectal carcinoma were adenocarcinoma in24 patients (80%), 4 patients (13.3%) had mucoid carcinoma and 2 patients (6.7%) had signet ring carcinoma. The degree of histologic differentiation (grading): 24 patients (80%) had moderately differentiated carcinoma and 6 patients (20%) had poorly differentiated carcinoma. Three patients (10.0%) showed pathological complete response after nCRT. The depth of tumor invasion (Tstage): 18 patients (60.0%) had T3 tumors, 6 patients (20.0%) had T2 tumors, 3 patients (10.0%) T0 tumors and 3 patients (10.0%) had T4. Of the three T4 tumors, one tumor in the LLAR group was infiltrating the lateral pelvic wall on the right side and the infiltrated pelvic fascia was excised partially together with the mass leaving residual tumor tissue adherent to the right internal iliac vessels. The 2nd tumor was in the LAPR group infiltrating the prostatic capsule and the infiltrated part was completely excised together with the mass resulting in urethral injury. The last tumor in the LAPR group was infiltrating the lateral pelvic wall on the right side and the infiltrated part of the pelvic fascia was partially excised together with the mass in the perineal part of the operation. Fifteen patients (50.0%); 8 patients in LLAR and 7 patients in the LAPR, showed positive lymph node metastasis (N+), while the other 15 patients (50.0%) were negative for lymph node metastasis (N0). TNM staging: Three patients (10%) had stage 0 tumor, three patients (10%) had stage I tumor, 9 patients (30%) had stage II tumor, 14 patients (46.7%) had stage III tumor, 1 patient (3.3%) had stage IV tumor. the number of retrieved lymph nodes ranged from 8-14 with a median of 11 lymph nodes. The distal resection margin was free of malignant infiltration in all patients and the mean length of the distal resection margin was 2.23±0.65 cm. Two patients (6.7%) had positive circumferential resection margin (CRM) ( Table 4) .local recurrence occurred in one male patient (3.3%) in the LAPR group with a T4 tumour that was infiltrating the prostate. Interestingly, this patient had an R0 resection while the two patients with positive circumferential resection margin did not develop local recurrence while one of them developed distant metastasis. 
DISCUSSION
Although concerns arising from the large MRC CLASICC trial comparing the oncological outcome of both laparoscopic and conventional rectal resections that showed a higher (though non-significant) instance of a positive CRM among patients with laparoscopic resection (16% vs 14%) [7] , data from large randomized controlled clinical trials like the COREAN trial over 340 patients [8] and from a large meta-analysis showing the outcomes of 2512 procedures from 12 randomized clinical trials [9] suggest that laparoscopic resection of rectal cancer is oncologically equivalent to the traditional open approach. Our results compare favorably with other reports where the incidence of positive CRM ranged between 4.1% [8] to 16% [7] in those undergoing laparoscopic rectal resections. In a study of 53 consecutive patients of which 24 patients (45.2%) received nCRT prior to surgical intervention, 5 patients (20%) of the neoadjuvant group had a complete pathological response. The mean lymph node harvest in those receiving preoperative nCRT was 7.5 nodes (range 2-15). In those who underwent primary resection without nCRT (N=29), the mean nodal harvest was 12.9 (range 8-22). One positive circumferential margin (1.9%) was reported [2] . The operative time varies between different studies. In a series of 32 patients who underwent laparoscopic rectal cancer resections after nCRT (24 LLAR and 8 LAPR), the mean operative time was 267±76 min [10] , which is longer than that reported in our study. On the other hand, Jalal, et al in a series of22 LAPR patients reported that the mean operative time was 165 minutes [11] which is shorter than that reported in our study. Our results regarding intraoperative blood loss are better than those reported in other similar studies. Liang, et al, in a series of 28 post-nCRT laparoscopic rectal resections reported that the intraoperative blood loss ranged between 120 and 1,200 ml with a median of 420 ml. Those authors suggested that the blood vessels of patients after nCRT seemed to be very fragile and ooze blood during the whole dissection process predisposing patients to the reported high intraoperative blood loss [12] . In another series including 35 patients who underwent LAPR out of 66 patients who underwent abdominoperineal resections, the mean blood loss was 325±292.7 ml [13] . Epidural analgesia was administered routinely for all patients for the first 48 hours. IV non-steroidal analgesia was needed only in 7 patients in this study. These results are comparable with those of Zhou, et al; 45 patients (54.8%) required PO analgesic but, the authors did not report the duration of use of analgesics [14] . Also, among 100 patients who underwent laparoscopic TME by Morino, et al, on postoperative epidural analgesia no patients required narcotics and non-steroidal analgesics were required in 27% of cases only up to postoperative day 2 [15] . In the COLOR II trial with routine use of epidural analgesia, IV opiates were needed in 36% of patients and non-opiates in 91% of patients in postoperative day 1 and in day 2 the use of IV opiates were needed in 35% of patients and non-opiates in 92% of patients and in day 3 the use of IV opiates analgesics was needed in 43% of patients and non-opiates in 90% of patients [16] . Although the safety of laparoscopy has been established in several randomized clinical trials [8, 17, 18, 19] , LLAR can be technically challenging, especially in obese patients, male patients with narrow deep pelvis, bulky tumors or bulky mesorectum and in particular after nCRT due to scarring and distortion of the anatomical planes. This also can increase the risk of margin positivity after laparoscopic surgery [20] . Moreover, laparoscopic surgery for mid and distal rectal cancer is particularly technically difficult because of the limitations of the narrow pelvic confines resulting in difficulty in applying the endoscopic cutters transversely across the rectum at the pelvic floor level [21] . In addition, in those challenging patients, difficulties in pelvic exposure and limitations of instrumentation can affect not only dissection but also, the preservation of autonomic pelvic nerves [22] . In our study, the 5 patients (26.3%) with cancer upper third rectum, LLAR was completed totally laparoscopic. In the remaining 14 patients (73.7%) with middle and lower third rectal cancer, it was not possible to complete the mesorectal dissection or the rectal transection laparoscopically and we needed to perform a small Pfannenstiel incision to complete mesorectal dissection and rectal transection. In a study of 31 consecutive patients undergoing LLAR, 11 patients (35.5%) had a 7 to 8 cm suprapubic incision to complete the pelvic portion of the surgery, specimen extraction, anvil insertion, and completion of colorectal anastomosis and this approach was generally favored in patients who were obese or had multiple abdominal surgeries and low lying bulky rectal tumors. In the remaining 20 patients (64.5%) the entire rectal mobilization, transection and the colorectal anastomosis were completed intracorporeally and the specimen was extracted through small left lower quadrant muscle-splitting incision [21] . In the COLOR II trial, of 376 patients who had LLAR, 269 patients (72%) had complete intracorporeal colo-rectal anastomosis and the anastomoses in the remaining 107 (28%) patients were done with open approach [16] .
The difference between our results and those reported in literatures in LLAR group can be explained by several factors; 73.3% of patients in our study had middle and lower third rectal tumors, 68.4% of patients were obese patients (BMI> 30 kg/m2), one patient had a T4 tumor infiltrating the lateral pelvic wall, 90% of patients had bulky tumors (circumferential mass or fungating tumor) and only 10% had residual ulcer at the site of the tumor after pathological complete response and finally because our group of surgeons were in the beginning of the learning curve of laparoscopic rectal surgery. For this particular group of patients, the concept of "bottomup" or transanal total mesorectal excision (TaTME) has been introduced. Earlier recovery of the bowel function is an important advantage of laparoscopic surgery. Laparoscopic colorectal surgery allows easier application of the recommendations of ERAS after colorectal surgery [23] . We started oral feeding within the 1st 24 hours postoperatively in all patients except those who developed ileus and our results were actually better than those of some other authors. The mean duration for 1st bowel motion in the series of Denoya, et al, was 1.9±1 day and the mean duration to start regular diet was 3.9±2.1 days [10] . The duration for 1st bowel motion and first oral intake in the series of Zhou, et al, ranged between 1 and 2 days [14] . Also, Ke, et al, found that the mean time for first bowel motion was 2±0.8 days and the mean duration to start oral intake was 1.5±0.6 days [13] . The mean hospital stays in our study ranged between 5.63±1.3 days in LLAR and 8.18±3.37 days in LAPR. Our results compare well with those of other studies. Among 82 patients who underwent laparoscopic TME by Zhou, et al, total hospital stays ranged between 5-14 days with a median of 8 days [14] . Also, in 312 patients who underwent laparoscopic rectal resections by Kim, et al, the mean duration of hospital stay was 11 days (range 5-57) [24] . In the COLOR II trial, the median hospital stay after laparoscopic surgery was 8 days [16] . Laparoscopic surgery for rectal cancer aims to provide patients with curative resection while minimizing postoperative morbidity and mortality. Adequacy of resection margins and total mesorectal excision are important requirements of rectal resections for cancer, because they have been shown to be crucial in reducing local recurrence and ultimately improving survival [6] . Although oncological radicality and survival are the primary outcomes that determine success from rectal cancer resections, secondary outcomes such as a reduction in postoperative complications, urinary continence and sexual function are all important determinants of quality of life after surgery that have been suggested to be improved by a laparoscopic approach [25] . There were no clinically significant anastomotic leaks detected in our study. This finding may be explained by the fact that all patients undergoing LLAR had a defunctioning loop ileostomy. A previous large metaanalysis study had concluded that defunctioning stoma reduces the rate of clinically relevant anastomotic leakages and is thus recommended in surgery for low rectal cancers [26] . Also, several smaller studies reported better outcomes in patients with a protective stoma [27, 28] . These conclusions were contradicted by the results of a newer meta-analysis including 1,406 patients that studied the effect of a diverting ileostomy needed in rectal cancer patients undergoing LAR after nCRT. Of these patients, 607 (43%) received a diverting stoma of which 148 underwent laparoscopic approach and 799 patients (57%) were not diverted of which 178 underwent laparoscopic approach. The overall mortality rate was (0.9%) in patients without diverting stoma and (0.7%) in patients with diverting stoma and the overall morbidity was (27.3%) in patients without diverting stoma and (29.7%) in patients with diverting stoma with no statistically significant differences between the 2 groups suggesting that creation of diverting stomas in patients undergoing LAR for rectal cancer may be avoided without increasing the risk of mortality or morbidity [29] . Postoperative complications are frequent following laparoscopic rectal cancer surgery after nCRT. In a study of 53 patients who underwent laparoscopic rectal resections by Moran, et al, 4 patients (7.54%) presented with urine retention, 1 patient (1.88%) with wound infection, 1 patient (1.88%) with respiratory tract infection, 1 patient (1.88%) with port site hernia, 1 patient (1.88%) with stomal ischemia, 6 patients (11.32%) with ileus and 1 patient (1.88%) with atrial fibrillation [2] . In another study on 132 patients who underwent LLAR for rectal carcinoma, the incidence of postoperative complications was 18.2% (24/132), including 1 patient who developed acute myocardial infarction (0.75%, 1/132), anastomotic leakage (9.1%, 12/132), anastomotic hemorrhage (5.3%, 7/132), incisional infection (1.5%, 2/132), and urinary infection (1.5%, 2/132). All the anastomotic hemorrhages were treated by conservative therapy including resuscitation and proper hemostatics. Two patients received irrigation of ice-cold saline dissolving noradrenalin through anal tubes and two patients with relatively severe hemorrhage received a colonoscopy and the bleeding was stopped finally using titanic clips. For anastomotic leakage, only one patient underwent a protective proximal colostomy because of diffuse abdominal and pelvic infection and all other patients were treated by tube drainage of the pelvic cavity, insertion of anal tube for a better decompression of the rectal lumen, as well as proper antibiotics treatment. Two patients (1.5%, 2/132) were complicated by anastomotic stricture and they were relieved by repeated dilatation therapy under colonoscopy [30] . Quality of life is an important consideration in those patients undergoing rectal surgery. The magnified view of the operating field associated with laparoscopy help to accurate identification of allimportant anatomical structures including the autonomic nerves in the narrow confines of the pelvis. Sexual dysfunction in this study occurred in 3 male patients (10%), one of them in the LLAR group and the other two were in the LAPR group. Published data showed that despite the magnified pelvic views, there is still an increased rate of sexually active males reporting impotence or retrograde ejaculation after laparoscopic rectal resection. In a systematic review and meta-analysis of 7 studies including 876 patients, the overall incidence of sexual dysfunction for males in the laparoscopic group was (48/141; 34%) that was equal to the open technique (50/148; 34%). For females, in the laparoscopic group the incidence of sexual dysfunction ranged between 13-67% while, in the open group the incidence of sexual dysfunction ranged between 33-37% in these studies however, there was no statistically significant difference in this comparison [31] . In a study of 35 male patients by Sartori, et al, sexual desire was reduced and spontaneous erectile function was impaired in almost half the cases, while induced erections were possible in about 90% of cases; about 70% of patients still had the possibility of penetration and a normal ejaculation and orgasm after surgery and no patients had symptoms of bladder dysfunction except for some patients who had nocturia [32] . [17] . Challenges during laparoscopic rectal surgery are magnified because of the ergonomic limitations of the instruments with the limited tactile feedback and poorly designed instruments under the twodimensional visualization that reduces in-depth perception as well as hand-eye coordination. The robotic system offers several technological advantages that may overcome many of the difficulties associated with laparoscopic surgery. Three-dimensional operating environment, an ergonomic camera platform and articulating instruments with freedom of motion are technological features that may help surgeons to perform procedures more skillfully [38] . TaTME is an emerging surgical technique for rectal cancer that has been proposed to give a new option in cases where laparoscopic TME is difficult. TaTME performed on patients with rectal cancer has showed promising results with regard to oncological outcomes, and short and midterm outcomes and improve the distal mesorectal dissection, which is the most technically challenging part of a transabdominal TME [39] . The small sample size and the absence of a control group are the main limitations of our study.
